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METHOD AND SYSTEM FOR 
DETERMINING DRIVING ENVIRONMENT 

FIELD OF THE INVENTION 

The present invention relates to a method and system for 
determining a vehicle driving environment, and more 
particularly, to a method and system for determining a 
vehicle driving environment that adapts to an undulating 
road. 

BACKGROUND OF THE INVENTION 

Current systems for detecting approaching objects, such 
as a vehicle or a signpost, generally project a radar beam and 
analyZe the re?ected Wave. To cover more area, such radar 
beams are scanned horiZontally. Generally, Where the scan 
ning angle is varied, it is varied in a horiZontal direction. 

But the road a vehicle folloWs is rarely ?at. In situations 
Where the road has undulations, as shoWn in FIG. 1, a 
vehicle 10 often cannot detect an approaching object 11 
using current systems. And When the vehicle 10 is driven in 
a mountainous district, not detecting an approaching object 
11 becomes more problematic. 

SUMMARY OF THE INVENTION 

An exemplary driving environment determining method 
for a vehicle according to a preferred embodiment of the 
present invention includes: scanning a radar beam from the 
vehicle at a variable vertical angle; detecting a re?ective 
Wave of the radar beam re?ected from an object; detecting 
the vertical angle of the radar beam When the re?ective Wave 
is detected; calculating a relative speed of the preceding 
object based on the re?ective Wave; detecting a vehicle 
speed of the vehicle; calculating an absolute speed of the 
object based on the relative speed and the vehicle speed; 
comparing the vertical angle With a predetermined angle; 
and comparing the absolute speed With a predetermined 
speed. 

The absolute speed of the preceding object may prefer 
ably be calculated as a sum of the relative speed and the 
vehicle speed, and the predetermined angle and the prede 
termined speed are preferably preset to Zero 

In the case that the vertical angle is above the predeter 
mined angle and the absolute speed is different from the 
predetermined speed, the method concludes that either an 
incline is in front of the vehicle or that the object is large. 

In the case that the vertical angle is greater than the 
predetermined angle and the absolute speed is equal to the 
predetermined speed, the method concludes that the object 
is stationary. 

In the case that the vertical angle is less than the prede 
termined angle and the absolute speed is different from the 
predetermined speed, the method concludes that a decline is 
in front of the vehicle. 
An eXemplary driving environment determining system 

for a vehicle according to a preferred embodiment of the 
invention includes: a radar for scanning a radar beam and 
detecting a re?ective Wave re?ected from an object; a mirror 
for adjusting a vertical angle of the scanned radar beam 
according to an angular position thereof; a mirror angle 
detector for detecting the angular position of the mirror; a 
stepper motor for adjusting the angular position of the 
mirror; and an electronic control unit, Where the electronic 
control unit eXecutes programmed steps for: calculating a 
relative speed of the object based on the re?ective wave 
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2 
detected at the radar; calculating an absolute speed of the 
preceding vehicle based on the relative speed and a vehicle 
speed of the vehicle; detecting the vertical angle of the radar 
beam of the re?ective Wave; and comparing the vertical 
angle and the absolute speed With a predetermined angle and 
speed. 
The electronic control unit calculates the absolute speed 

of the preceding vehicle as a sum of the relative speed and 
the vehicle speed and the predetermined angle and the 
predetermined speed are preferably preset to Zero 

In the case that the vertical angle is greater than the 
predetermined angle and the absolute speed is different from 
the predetermined speed, the ECU concludes that either an 
incline is in front of the vehicle or the preceding object is 
large. 

In the case that the vertical angle is greater than the 
predetermined angle and the absolute speed is equal to the 
predetermined speed, the ECU concludes that the object is 
stationary. 

In the case that the vertical angle is less than the prede 
termined angle and the absolute speed is different from the 
predetermined speed, the ECU concludes that a decline is in 
front of the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The folloWing detailed description of the invention Will be 
better understood With reference to the folloWing draWings 
in Which: 

FIG. 1 illustrates situations Where a vehicle fails to detect 
an approaching object; 

FIG. 2 is a block diagram of a driving environment 
determining system according to a preferred embodiment of 
the present invention; 

FIG. 3 illustrates a cooperative relationship betWeen a 
single beam radar, a mirror, a mirror angle sensor, and a 
stepper motor according to a preferred embodiment of the 
present invention; and 

FIG. 4 is a ?oWchart of a driving environment determin 
ing method according to a preferred embodiment of the 
present invention. 

Like numerals refer to similar elements throughout the 
several draWings. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Returning to FIG. 1, a driving environment determining 
system for a vehicle 10 according to a preferred embodiment 
of the present invention detects the approaching object 11. 
The system is not limited to detecting objects as they 
approach, but Will also detect objects as they recede, 
although approaching objects are generally of greater inter 
est to a driver. As shoWn in FIG. 2, a preferred embodiment 
of a system according to the invention includes: a single 
beam radar 20 for scanning a radar beam and detecting a 
Wave re?ected from the object 11 (FIG. 1); a mirror 50 for 
adjusting a vertical angle (for eXample, an angle betWeen the 
radar beam and the horiZontal plane) of the scanned radar 
beam according to an angular position thereof; a mirror 
angle sensor 51 for sensing the angular position of the mirror 
50; a stepper motor 30 for adjusting the angular position of 
the mirror 50; and an electronic control unit 40 (“ECU”); a 
vehicle speed sensor 45 for detecting the speed of vehicle 10 
is connected to the ECU 40 so the ECU can receive a vehicle 
speed signal. 
The ECU can be fabricated using one or more processors 

programmed With softWare employing a method according 
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to a preferred embodiment of the present invention. Multiple 
processors could also be incorporated into separate commu 
nicating ECUs. 

The softWare is programmed to perform the steps of: 
calculating the relative speed of the approaching object 
based on the re?ected Wave detected by the single beam 
radar; calculating an absolute speed of the approaching 
vehicle 11 based on its relative speed and the speed of the 
vehicle 10; detecting the vertical angle of the radar beam of 
the re?ective Wave; and comparing the vertical angle of the 
re?ected Wave and the absolute speed With a predetermined 
angle and speed. 
As shoWn in FIG. 3, the mirror angle sensor 51 is disposed 

at a shaft connecting the mirror 50 and the stepper motor 30, 
and detects the rotation angle of the shaft as the angular 
position of the mirror. The single-beam radar 20, the stepper 
motor 30, the mirror angle sensor 51, and the mirror 50 may 
be assembled as a module. The module is disposed on the 
vehicle 10 (FIG. 1), and more precisely, on a bumper 15 of 
the vehicle 10. The mirror 50 rotates according to the 
operation of the stepper motor 30. The angular position of 
the mirror 50 is detected and transmitted to the ECU 40. The 
ECU 40 adjusts the angular position of the mirror 50 by 
controlling the stepper motor 30. A radar beam projected 
from the single-beam radar 20 is re?ected by the mirror 50 
and radiated in the forWard direction of the vehicle 10. The 
radar beam is re?ected by the approaching object 11. The 
re?ected Wave of the radar beam is detected by the single 
beam radar 20 and analyZed by the ECU 40. The ECU 40 
determines the driving environment based on the re?ected 
Wave and the mirror angle, (i.e., the vertical angle of the 
radar beam radiated to the forWard direction of the vehicle 
10), and the speed of vehicle 10. 

The driving environment determining method according 
to a preferred embodiment of the present invention is noW 
described in detail With reference to FIG. 4. At step S410, a 
radar beam is projected by the single-beam radar 20 is 
radiated from the vehicle 10 at a variable vertical angle and 
scanned horiZontally. The radar beam is re?ected by the 
approaching object 11 When the horiZontal scan and vertical 
angles direct the radar beam to the approaching object 11. 
Preferably, the radar beam is scanned across an 11.5 ° arc (A) 
in 100 msec (T), but (A) may be increased to an 17.25° arc. 
Also preferably, the speed With Which the vertical angle 
varies is calculated as A/(T/2). At step S415, the re?ected 
Wave is detected by the single-beam radar 20. At step S420 
the ECU 40 receives the re?ected radar beam signal from the 
single-beam radar 20. At step S425, the vertical angle of the 
radar beam is detected by the mirror angle sensor 51. The 
ECU 40 also receives the vertical angle of the radar beam at 
step S425. At step S430, the ECU 40 calculates the relative 
speed of the approaching object 11 and distance to the 
approaching object 11 based on the re?ective Wave signal. 
One of ordinary skill in the art Will knoW hoW to make this 
calculation. At step S435, the ECU 40 calculates a vehicle 
speed of the vehicle 10 using the vehicle speed sensor 45. At 
step S440, the ECU 40 calculates an absolute speed of the 
approaching object 11 as a sum of the relative speed of 
object 11 and the speed of vehicle 10. 

The vertical angle of the radar beam and the calculated 
absolute speeds are noW used to determine Whether an 
incline or decline is in front of the vehicle 10. To do this, at 
step S450 the ECU 40 compares the vertical angle With a 
predetermined angle and at step S455 compares the absolute 
speed With a predetermined speed. The predetermined angle 
is preferably set to 0 (the horiZontal), and the predetermined 
speed is preferably set to 0. 
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4 
According to results of the comparisons at step S450 and 

S455, the ECU 40 determines a driving environment at step 
S470, and performs any subsequent steps desired by a 
person of ordinary skill in the art. Subsequent steps may be 
related to Warning signals, or sending the driving environ 
ment information to other ECUs. At step S460, the distance 
to the preceding object 10 is checked, and the determining 
the driving environment (step S470) is preferably performed 
only When the distance to the preceding object 10 is not in 
a predetermined error range. 

The ECU 40 determines the driving environment at step 
S470 as folloWs. Where the vertical angle is greater than the 
predetermined angle (i.e., the radar beam is scanned above 
the horiZontal direction from the vehicle 10) and the abso 
lute speed is different from the predetermined speed, the 
ECU 40 concludes that either an incline is in front or the 
approaching object 11 is large, like a bus or a truck. Where 
the vertical angle is greater than the predetermined angle and 
the absolute speed is equal to the predetermined speed, the 
ECU 40 determines that the approaching object 11 is 
stationary, such as a signpost. Where the vertical angle is 
beloW the predetermined angle, i.e., the radar beam is 
scanned beloW the horiZontal direction from the vehicle 10, 
and the absolute speed is different from the predetermined 
speed, the ECU 40 concludes that a decline is in front of the 
vehicle. 
As shoWn above, according to a preferred embodiment of 

the present invention, the possibility of missing an object on 
an undulating road is reduced and an approaching incline or 
decline is easily detected based on the vertical angle. 

While this invention has been described in connection 
With the preferred embodiments, it is to be understood that 
the invention is not limited to the disclosed embodiments 
and includes the various modi?cations and equivalent 
arrangements that are Within the spirit and scope of the 
appended claims. 
What is claimed is: 
1. Amethod for determining vehicle driving environment, 

comprising: 
scanning a radar beam from the vehicle at a variable 

vertical angle; 
detecting a re?ected Wave from the radar beam being 

re?ected from an object; 
detecting the vertical angle of the radar beam When the 

re?ected Wave is detected; 
calculating a relative speed of the object based on the 

re?ected Wave; 
detecting a vehicle speed of the vehicle; 
calculating an absolute speed of the object based on the 

relative speed and the vehicle speed; 
comparing the vertical angle With a predetermined angle; 

and 
comparing the absolute speed With a predetermined 

speed. 
2. The method of claim 1, Wherein: 
the absolute speed of the object is calculated as a sum of 

the relative speed and the vehicle speed; and 
the predetermined angle and the predetermined speed are 

respectively set to Zero 
3. The method of claim 1 further comprising determining 

that an incline is in front of the vehicle or that the object is 
large, if the vertical angle is above the predetermined angle 
and the absolute speed is different from the predetermined 
speed. 

4. The method of claim 1 further comprising determining 
that the object is stationary if the vertical angle is above the 
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predetermined angle and the absolute speed is equal to the 
predetermined speed. 

5. The method of claim 1 further comprising determining 
that a decline is in front of the vehicle if the vertical angle 
is beloW the predetermined angle and the absolute speed is 
different from the predetermined speed. 

6. A vehicle driving environment determining system for 
detecting an object, the system comprising: 

a radar for scanning a radar beam and detecting a re?ected 
Wave re?ected from an object; 

a mirror for adjusting a vertical angle of the scanned radar 
beam according to an angular position thereof; 

a mirror angle detector for detecting the angular position 
of the mirror; 

a stepper motor for adjusting the angular position of the 
mirror; and 

an electronic control unit (ECU) programmed for: calcu 

7. 

lating a relative speed of the object based on the 
re?ected Wave detected by the radar; calculating an 
absolute speed of the object based on the relative speed 
and a vehicle speed of the vehicle; detecting the vertical 
angle of the radar beam; and comparing the vertical 
angle and the absolute speed With a predetermined 
angle and speed, respectively. 
The system of claim 6, Wherein: 

the electronic control unit calculates the absolute speed of 
the vehicle as the sum of the relative speed and the 
vehicle speed; and 

the predetermined angle and the predetermined speed are 

8. 
preset to 0. 
The system of claim 6 Wherein: 

the radar, the stepper motor, the mirror angle detector, and 
the mirror are assembled as a module; and 

the module is disposed at a bumper of the vehicle. 
9. The system of claim 6, further comprising a vehicle 

speed detector. 
10. A method for determining road grade from a vehicle, 

the method comprising: 
projecting a radar from a vehicle toWard an object, the 

object re?ecting a radar Wave back to the vehicle; 

receiving the radar Wave; 
determining a ?rst angle corresponding to the direction 

the radar Was projected that resulted in the re?ected 
radar Wave; 

calculating a relative speed of and a relative distance to 
the object based on the received radar Wave; 

determining a vehicle speed; 
calculating an absolute speed of the object based on the 

vehicle speed and the relative speed; 
comparing the absolute speed to Zero speed; 
comparing the ?rst angle to a predetermined angle; and 
determining a road grade, comprising: 
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6 
concluding that either the road grade is positive, or that 

the object is large, if the ?rst angle is above the 
predetermined angle and if the absolute speed is not 
Zero speed; 

concluding that the object is stationary if the ?rst angle 
is above the predetermined angle and the absolute 
speed is Zero speed; and 

concluding that the road grade is negative if the ?rst 
angle is beloW the predetermined angle and the 
absolute speed is not Zero speed. 

11. The method of claim 10, Wherein the predetermined 
angle changes based on the relative distance. 

12. The method of claim 10, Wherein the projecting 
comprises scanning the radar horiZontally and varying a 
vertical angle the radar is projected. 

13. The method of claim 10, Wherein the determining a 
road grade is only performed When the relative distance is in 
a predetermined range. 

14. A system for determining road grade from a vehicle, 
the system comprising: 

a radar for projecting from a vehicle and receiving 
re?ected radar Waves; 

a rotatable mirror for varying an angle the radar is 
projected from the vehicle; 

a mirror angle sensor for determining the angle; 

a motor for rotating the mirror; 

a vehicle speed sensor; and 

at least one electronic control unit, said at least one 
electronic control unit being programmed With soft 
Ware for: 

determining a ?rst angle corresponding to the direction 
the radar Was projected that resulted in the re?ected 
radar Wave; 

calculating a relative speed of and a relative distance to 
the object based on the received radar Wave; 

determining a vehicle speed using the vehicle speed 
sensor; 

calculating an absolute speed of the object based on the 
vehicle speed and the relative speed; 

comparing the absolute speed to Zero speed; 
comparing the ?rst angle to a predetermined angle; and 
determining a road grade, comprising: 

concluding that either the road grade is positive, or 
that the object is large, if the ?rst angle is above 
the predetermined angle and if the absolute speed 
is not Zero speed; 

concluding that the object is stationary if the ?rst 
angle is above the predetermined angle and the 
absolute speed is Zero speed; and 

concluding that the road grade is negative if the ?rst 
angle is beloW the predetermined angle and the 
absolute speed is not Zero speed. 

* * * * * 


